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Tailored markets: Blue Hydrogen
* Pre-combustion CO, Capture at IGCC-CCS
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Hybrid Precombustion Capture for Flexible Operations
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* Upstream H, selective membrane (Task 7)
* CO, selective solvent (Task 8)
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Physical Solvents for Pre-combustion CO, Capture

4 physical solvents were tested for pre-combustion CO, capture performance
at bench scale and pilot plant scale: 1 hydrophilic solvent PEGDME (Selexol Surrogate)

Solvent PEGDME
Molecular Weight

280 258 620 266
(g - mol?)
Viscosity

5.8 5.1 12.2 2.9
@ 25 °C (cP)
Density

1030 960 987 979
@ 25 °C (kg - m3)
Vapor pressure

0.1 0.07 <0.1 0.15
@ 25°C (Pa)
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Performance of hydrophobic physical solvents for pre-combustion CO, capture at a pilot scale coal gasification facility
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. l gas absorbed into solvent (mol) .. Gas solubility gas A (mol L™1)
Gas solubili (mo )= = Y9
ty L Lean solvent volume (L) SeleCtIVIty A/B Gas solubility gas B(mol L™1)
@ specific temperature, partial pressure @ specific temperature, same partial pressures
(¢) CASSHI Selectivity A/B @ 25°C, 1 MPa, pure gas
0.45
0.40 + M25°C PEG-
Solvent PEGDME | CASSH-1 TBP
= 035 | gygoc P PDMS-3
g 0.30 . m
£ 025 L CO,/H,
= 71 51 48 40
= 020 - Selectivity
2 0.15 CO./N
e CSTR © 0.10 M {Nz I ? . 2 71 36 38 34
* Hiden IGA system 0.05 " 7y % L H; >electivity
. 0.00
Ru'II'JAOIth?crm Isoforp 0.0 1.0 2.0 3.0 4.0 CO,/CH, I o g g
nstruments
( ) Pressure, MPa Selectivity
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Vapor Liquid Equilibrium Results N=[anena:
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(a) PEGDME (b) PEG-PDMS-3
» Solubility of CO, increases with increasing pressure L5 et o] L el e
and decreases with increasing temperature iu = AN ) b )
5 | ¥
« PEGDME shows slightly higher CO, uptake at 10 °C g T P L
and 25°C, however, as the solvent temperature o e | B o "
iIncreases, the CO, solubility in PEGDME decreases i A 51 P
at a faster rate than the hydrophobic solvents g S *iiz:ﬁ:"-‘? :
I:H:.l]"l.:]:.‘. L 10 15 20 nlﬂlﬂ}!ﬂ- s 1.0 15 0

CO); partial pressure, MPa U0y, partial Pressure, MPa

CO, solubility at 1 MPa (molxL) . () CASSH-1 Y (d) TBP
Temperature - 45 el0°C - [ THT
PEGDME CASSH-1 PEG-PDMS-3 TBP 3 a0 WSC IO s .
»40°C » 3 +40°C
g3 e . E 35 Lssec P
10°C 2.26 £ 0.042 1.88 + 0.042 1.82 £ 0.015  1.97 +0.019 TR . HET S
£ 25 » . % s -
. . = E = _-'- -
1.50 + 0.019 1.34 4+ 0.020 1.254+0.007  1.37 +£0.013 2 20 e | B L S
2 15 r " » £ - A
g - -"‘ x" = 15 F L
1.10 £ 0.007 1.01 + 0.007 0.906 + 0.003  1.03 + 0.004 g :; ;;:E* x & 10 ,._;_:-'_'._- “
A E =~ 0s i §-y-=
e 2y
0.80 + 0.007 0.78 + 0.005 0.718 + 0.003  0.78 £ 0.003 S R R R—" nn&“‘ e
Ciy partial pressure, MPa C0), partial pressure, MPa
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UND EERC Pilot Plant - Process Flow Diagram
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Absorber: 76.2 mm ID, 3.2 m packed height (5/8 ” IMTP15 metal random packing)
Solvent regeneration in single stage flash drum (43 -66 °C)
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Average syngas conditions & composition for each trial

UND EERC Pilot Plant — Operating Conditions

Solvent operating conditions for each trial

Trial 1 - Screening Trial 2 — long term Parameter Trial 1 Trial 2
(~5 hrs per case) (5 days per case)
Syngas total pressure, MPa 4.88+0.02( 4.86%+0.01
Solvents Selexol (PEGDME) Selexol (PEGDME) 5 ¢ ¢ °C 375 1 0.8 376+ 0.4
CASSH-1 CASSH-1 yngas temperature, 510. .610.
PEG-PDMS-3 Syngas flow rate, std. m3-h! 3.8+0.2 3.5+0.1
TBP Syngas composition, avg dry, mol%
Temperature 10, 25, 40, 55 °C 25 °C co, 52.0+ 1.8 554 + 1.5
(lean solvent)
H, 13.1+2.9 15.7+1.3
Solvent flow rate | 28 - 45 L/h 32 L/h N, 327437 25 4+21
Solvent 13 °C 66 °C CH, 1.6+0.7| 2.1+0.32
regeneration co 0.2 +£0.05 1.1+0.39
temperature
H,S 0.5%+0.05 0.4 £0.05
. CO, absorbed into solvent (mol - hr1)
CO, Removal Efficiency [%] = %X 100

CO, in syngas (mol - hr™?) L/V Trial#2 = 6.7

N

CO, absorbed in solvent (mol - hr™1)
Solvent flow rate (L - hr=1)

Gas Uptake into solvent [mol L™!] =
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Pilot Plant Trial 1 - Solvent Screening Results
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Four different physical solvents Solvent f Hydrophilic
1 1 . Performance parameter
and ‘.’f?‘ry'”g Oper_atlng Temp PEGDME PEG-PDMS-3 CASSH-1 TBP
conditions including . ;
Solvent temp inlet — outlet, °C 10.1-13.8 9.5-20.5 10.4-28.5 10.7-13.9
temperature and solvent flow ;
rate (~5 hrs per Condition) 10°C CO, gas uptake, mol L 1.64 +0.10 1.72 +0.10 2.27 +0.03 1.50 + 0.06
H,S take mol L't 0.014 + 0.001 | 0.014 +0.001 | 0.021+0.001 | 0.015 + 0.001
All solvents were operated at 2 B PR TP - - - -
similar operating conditions and Solvent temp inlet — outlet, °C 25.0-27.0 25.3-33.6 25.6-32.6 25.1-26.8
showed comparable CO, J5oc €O, gas uptake, mol L. 146 +014 | 163+002 | 1.66+004 | 1.65+0.04
absorption performance
p p H,S gas uptake mol L 0.011 £0.001 | 0.012+0.001 | 0.015+0.001 0.016 £+ 0.001
Hydrophoblc SOI\./entS Showed Solvent temp inlet — outlet, °C 40.0 — 46.6 40.6 — 48.0 39.8-41.4
comparable or higher CO, and S - N N N
HZS absorptiOn perfOrmanCe, 40°C CO, gas uptake, mol L 1.64 + 0.07 1.91 +0.05 1.90 £ 0.01
including at elevated solvent H,S gas uptake mol L1 - 0.014 + 0.001 | 0.018 + 0.001 | 0.018 + 0.001
temperatures Solvent temp inlet — outlet, °C 54.3-63.7 55.4-57.4 55.5-58.5
Hydrophobic solvents contained s5oc €O, gas uptake, mol L. - 1.55+0.10 | 1.67+0.05 1.92 + 0.01
| :
eSS. water at end of testing H,S gas uptake mol L't " 0.014 + 0.001 | 0.016 +0.001 | 0.018 + 0.001
period :
Water content of solvent at end of trial, ppm 4000* 550 1550 1670

S R U.S. DEPARTMENT OF
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70 6000 80 200
.. m N2..®..CO CO2 .- 4. CH4 .x. H2S ppm [ e..H2 .- 4-- N2 ..&.. CO CO2 --4-- CHS .- X lllS.ppml =
] % > 3 = X T 5000 el a = *
s s 1 I » 160
] L o +
& e } E { { 4000 g : ! I o . . 140
20 : I ¥ 5 eiso ! } i I : 120&-
5 b3 x 3000 E g.‘o » » *® = 100‘§
= -+ 3 &
g30- : 3 | { { g
g " = = B - I } I } I 2000 B gm ] 1 { { { £ > ¢ 80 g
20 1 — u
Qg — T . € € a - « = T 22 + & 7
10 1000 8 a0 =
10 +
L ST PP Tt AETEiL 11l -.-u.;;!.;....!.;.;;;;:;:;;‘ W TYVORE SOTY — WOR i ) L . > 3 O esaas 20
¢ 1 2 3 4 s 6 7 s 9 10 ’ 0 - }.,,,,,,,i;....in.r..i ..... };ﬁa.i ..... il 0
Trial day 1 2 3 4 5 6 7 8 9 10
Acid gas ' Trial day
Solubility Results (Including Spot Check)
ol i, . i e
et A " - * . . . W - i PEGDME CASSH-1 PEGDME CASSH-1
* | co, | 66 2.74 2.49 + 0.03 2.40 + 0.04
oo N, 1.29 1.18 0.07 + 0.03 0.07 +0.01
g g e Lh 3 Eooevs@oreeniB W, 0.73 0.81 0.01 + 0.01 0.03 + 0.02
"g“’ E N U O TR RN U S T 0.10 0.09 0.01 + 0.003 0.01 + 0.002
: I r § i 0.07 0.04 0.01 + 0.004 0.01 + 0.002
3011 L Hs 0.02 0.02 0.02+0.0002  0.02 + 0.0003
0.0 —
1 2 3 Rl s 6 8 9 10
Trial day
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Aspen Plus Simulation of Pilot Plant

 VLE data was used to validate the

thermc_)dynamic properties pr_edicted in Aspen Parameter PEGDME CASSH-1
Plus via the PC-SAFT Equation-of-State. PSS - -

« The physical properties of gas species and Solvent flow rate, L/hr. 32.0 32.4
solvents used were predicted via built-in Absorber column pressure, MPa 4.86 4.86
models within Aspen Plus and validated using Syngas flow rate, mol/h 145.3 149.6
experimental data. Syngas temperature, °C 37.8 37.3

» Both rate-based and equilibrium models were Syngas composition (dry), mol%
used to predict absorber performance via the H, 15.3 16.64
Aspen RadFrac block without a reboiler. N, 270 7593

< COOLER co 1.06 0.71
) [FowrrEeY) co, 54.5 54.9
rBsomper| | mEOHY [coz] CH, 1.77 1.41
SOLVPUMP H,S 0.34 0.41
FLASH g Flash temperature, °C 66 66
] Flash pressure, MPa 0.1 0.1
RECYCLE] Packed bed height, m 3.2 3.2
Absorber diameter, m 0.0762 0.0762
o Absorber packing material 5/8"” IMTP15 5/8"” IMTP15

P
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Aspen Plus Process Simulation Results N=|NATONAL
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PEGDME CASSH-1
e Equilibrium model e Rate-based model e Equilibrium model e Rate-based model
100 . 100 .

0 8 90 %

80 8 80 .
5§ « 5 70
5 60 o % S 60 o
kS A b -
s 50 s 50
C [
g 40 3] 2
< 30 o ® < 30 a1

‘ o 88
20 20
10 o 10 .
0 ®° 0 o™
0 20 40 60 80 100 0 20 40 60 80 100
Experimental pilot plant data Experimental pilot plant data

Parameters include absorber temperature profile, sweet gas flow rate, acid gas flow rate, sweet gas composition, acid gas
composition, CO, recovery & CO, uptake
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» First pilot plant testing of hydrophobic physical solvents for CO, removal from coal-derived H,-rich syngas at

UND EERC

 Four physical solvents were tested under pre-combustion CO, capture conditions, both at bench scale and pilot

plant scale:

* (1) polyethylene glycol dimethyl ether, PEGDME (a hydrophilic physical solvent analog for the commercial

process Selexol™ solvent),
* (2) tributyl phosphate, TBP (a commercially available hydrophobic physical solvent),
* (3) polyethylene glycol - poly(dimethylsiloxane), PEG-PDMS-3

* (4) diethyl sebacate, known as CASSH-1 (a novel, computationally screened hydrophobic physical solvent

developed by the National Energy Technology Laboratory, NETL).

» The hydrophobic solvents absorbed less water and showed comparable CO, absorption performance compared
to the hydrophilic PEGDME, including at elevated absorption temperatures of up to 55°C and during long term

operation.

* Pilot plant performance data for PEGDME & CASSH-1 compare well to process simulations which were

developed by regressing bench-scale VLE data into Aspen Plus.

 Low viscosity, low vapor pressure hydrophobic solvents can be a promising option for lower cost carbon capture

from high pressure gas applications.
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Disclaimers & Copyright Status

* Disclaimer of Liability: This system is made available by an agency of the United States
Government. Neither the Uniteci] States Government, the Department of Energy, the National Energy
Technology Laboratory, nor any of their employees, makes any warranty, express or implied, including
warranties of merchantability and fitness for a particular purpose, or assumes any legal liability or
responsibihtfz for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights.

* Disclaimer of Endorsement: Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply
its endorsement, recommendation, or favor by the United States Government, the Department of
Energy, or the National Energy Technology Laboratory. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government, the Department of
Energy, or the National Energy Technology Laboratory, and shall not be used for advertising or
product endorsement purposes.

* Copyright Status: Most of the information available on this server is in the public domain and
therefore not copyrighted. However, some of the information is copyrighted by third parties and is
made available under a license granted for use by or for the government. For non-government uses,
the user 1s responsible for securing the proper permission from the copyright hold%r
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